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Magnetic Susceptibility Measurements 
The magnetic properties characterisation was performed on a Quantum Design MPMS-XL 
SQUID magnetometer equipped with a 5 T dc magnet. Susceptibility measurements were 
conducted at Hdc = 1 kOe in the temperature range 2.0–300 K on a polycrystalline sample in 
a polycarbonate capsule. 
 
Supplementary Fig. S1 shows the hysteretic behaviour of the χmT product of the α phase 
with temperature. On cooling the α phase from 80 to 50 K, the χmT product decreases from 
around 1.5 cm3 mol–1 K to around 0.8 cm3 mol–1 K. On heating the α phase from 50 K, the 
χmT product decreases from around 0.8 cm3 mol–1 K at 50 K to a minimum of around 0.5 cm3 
mol–1 K at 70 K. Further heating of the α phase results in a sharp increase of the χmT product 
to around 1.5 cm3 mol–1 K at 80 K. This unusual hysteretic behaviour is reproducible both 
with respect to repetitive measurements and with respect to measurements on different 










Single-Crystal X-ray Diffraction 
Single-crystal X-ray diffraction data were collected on a Bruker-Nonius X8-APEXII 
diffractometer using graphite-monochromated MoKα radiation (λ = 0.7107 Å) and an Oxford 
Cryosystems Cryostream Plus N2 cryostat. Data collection and integration software: Apex2 
(ver. 2010.1–2). Complete data sets were collected at the temperatures noted below. These 
structures (with accompanying structure factors) have been submitted to the Cambridge 
Crystallographic Data Centre with deposition numbers indicated below: 
 
 90 K 100 K 120 K 150 K 180 K 200 K 250 K 300 K 
Alpha 886584  886583     866582 
Beta   866586     866585 
Delta  866591  866590  866589 866588 866587 
Gamma  866597  866596 866595 866594 866593 866592 
 
 
Sequential variable-temperature data collections were performed at the application laboratory 
of Agilent Technologies (Abingdon, UK) using a dual-source SuperNova diffractometer 
equipped with an Atlas detector and an Oxford Instruments Cryojet N2 cryostat. MoKα 
radiation (λ = 0.7107 Å) was used. The temperature control was integrated within the data 
collection software: CrysAlisPro (ver. 171.34.44). For the alpha phase, each data set was 
collected to a completeness of ca 60% on account of time constraints. For the delta phase, 
data were collected to a completeness of ca 95%. For refinement of these structures, the Se, 
Fe and S atoms were refined with anisotropic displacement parameters, while the C and N 
atoms were refined with isotropic displacement parameters. In all cases, the resulting 
structures are in good agreement with those at the corresponding temperature determined 




Alpha phase: unit-cell parameters over the range 200–100 K 
[Data taken from Supplementary File 1: alpha_series.cif] 
T / K a / Å b / Å c / Å α / ° β / ° γ / ° V / Å3 
200 29.1574(19) 13.9051(9) 9.8482(5) 90 91.940(4) 90 3990.5(4) 
195 29.1401(19) 13.8950(9) 9.8412(5) 90 91.970(4) 90 3982.4(4) 
190 29.1338(19) 13.8921(9) 9.8373(5) 90 92.005(4) 90 3979.0(4) 
185 29.1107(19) 13.8854(9) 9.8258(5) 90 92.041(4) 90 3969.2(4) 
180 29.1039(19) 13.8753(9) 9.8222(5) 90 92.063(4) 90 3963.9(4) 
175 29.0934(18) 13.8747(9) 9.8091(4) 90 92.102(4) 90 3956.9(4) 
170 29.0827(19) 13.8587(9) 9.8046(5) 90 92.129(4) 90 3949.0(4) 
165 29.0757(18) 13.8527(9) 9.7899(4) 90 92.181(4) 90 3940.3(4) 
160 29.0711(19) 13.8489(9) 9.7679(5) 90 92.252(4) 90 3929.5(4) 
155 29.0826(17) 13.8405(9) 9.7439(4) 90 92.372(4) 90 3918.7(4) 
150 29.0982(18) 13.8218(9) 9.7226(4) 90 92.458(4) 90 3906.7(4) 
145 29.1158(17) 13.8233(9) 9.7062(4) 90 92.566(4) 90 3902.6(4) 
140 29.1164(17) 13.8232(9) 9.6947(4) 90 92.622(4) 90 3897.9(4) 
135 29.1215(18) 13.8163(9) 9.6920(4) 90 92.634(4) 90 3895.5(4) 
130 29.1218(18) 13.8146(9) 9.6870(4) 90 92.653(4) 90 3893.0(8) 
125 29.1155(18) 13.8138(9) 9.6819(4) 90 92.681(4) 90 3889.8(4) 
120 29.1130(19) 13.8113(10) 9.6785(4) 90 92.696(4) 90 3887.3(4) 
115 29.0940(18) 13.8091(9) 9.6688(4) 90 92.712(4) 90 3880.2(4) 
110 29.0920(17) 13.8075(9) 9.6681(4) 90 92.712(4) 90 3879.2(4) 
105 29.0804(17) 13.8013(9) 9.6637(4) 90 92.718(4) 90 3874.1(4) 





[Error bars derived from listed sus are smaller than the size of the data point marker]  
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Alpha phase: Fe—S bond lengths (Å) over the range 200–100 K 
[Data taken from Supplementary File 1: alpha_series.cif] 
 Molecule A Molecule B 
T / K Fe1—S1 Fe1—S2 Ave Fe1—S1 Fe1—S2 Ave 
200 2.546(3) 2.543(2) 2.545 2.530(3) 2.547(3) 2.539 
195 2.545(3) 2.543(2) 2.544 2.526(3) 2.541(3) 2.534 
190 2.543(2) 2.543(2) 2.543 2.520(3) 2.534(3) 2.527 
185 2.543(2) 2.542(2) 2.543 2.514(3) 2.528(3) 2.521 
180 2.542(2) 2.542(2) 2.542 2.507(3) 2.524(3) 2.516 
175 2.541(2) 2.539(2) 2.540 2.496(3) 2.511(3) 2.504 
170 2.542(2) 2.541(2) 2.542 2.480(3) 2.498(3) 2.489 
165 2.539(2) 2.540(2) 2.540 2.459(3) 2.473(3) 2.466 
160 2.537(2) 2.540(2) 2.539 2.425(3) 2.438(3) 2.432 
155 2.537(2) 2.540(2) 2.539 2.373(2) 2.382(3) 2.378 
150 2.534(2) 2.541(2) 2.538 2.317(3) 2.322(3) 2.320 
145 2.536(2) 2.543(2) 2.540 2.283(2) 2.288(2) 2.286 
140 2.533(2) 2.541(2) 2.537 2.264(2) 2.271(2) 2.268 
135 2.535(2) 2.544(2) 2.540 2.255(2) 2.263(2) 2.259 
130 2.534(2) 2.544(2) 2.539 2.247(2) 2.254(2) 2.251 
125 2.531(2) 2.541(2) 2.536 2.244(2) 2.251(2) 2.248 
120 2.531(2) 2.541(2) 2.536 2.241(2) 2.248(2) 2.245 
115 2.531(2) 2.539(2) 2.535 2.237(2) 2.246(2) 2.242 
110 2.527(2) 2.536(2) 2.532 2.235(2) 2.243(2) 2.239 
105 2.524(2) 2.535(2) 2.530 2.235(2) 2.245(2) 2.240 








Molecule A  Molecule B 
 




Alpha phase: Fe—Npyridine bond lengths (Å) over the range 200–100 K 
[Data taken from Supplementary File 1: alpha_series.cif] 
 Molecule A Molecule B 
T / K Fe1—N1 Fe1—N2 Ave Fe1—N1 Fe1—N2 Ave 
200 2.203(7) 2.194(7) 2.199 2.185(7) 2.175(8) 2.180 
195 2.202(7) 2.194(7) 2.198 2.185(7) 2.163(8) 2.174 
190 2.203(7) 2.196(7) 2.200 2.183(7) 2.163(8) 2.173 
185 2.199(7) 2.195(7) 2.197 2.179(7) 2.165(7) 2.172 
180 2.198(7) 2.196(7) 2.197 2.172(8) 2.163(8) 2.168 
175 2.197(7) 2.196(7) 2.197 2.168(7) 2.154(8) 2.161 
170 2.193(7) 2.191(7) 2.192 2.147(7) 2.142(7) 2.145 
165 2.195(7) 2.195(7) 2.195 2.133(7) 2.132(7) 2.133 
160 2.192(7) 2.193(7) 2.193 2.120(7) 2.108(7) 2.114 
155 2.199(7) 2.187(7) 2.193 2.090(7) 2.081(7) 2.086 
150 2.200(7) 2.181(7) 2.191 2.056(7) 2.046(7) 2.051 
145 2.196(7) 2.184(7) 2.190 2.031(7) 2.029(7) 2.030 
140 2.199(7) 2.185(7) 2.192 2.021(7) 2.020(7) 2.021 
135 2.198(7) 2.181(7) 2.190 2.019(7) 2.013(7) 2.016 
130 2.197(7) 2.185(7) 2.191 2.015(7) 2.009(7) 2.012 
125 2.200(7) 2.182(7) 2.191 2.010(7) 2.006(7) 2.008 
120 2.197(7) 2.182(7) 2.190 2.013(7) 2.012(7) 2.013 
115 2.193(7) 2.186(7) 2.190 2.003(7) 2.005(7) 2.004 
110 2.196(7) 2.181(7) 2.189 2.006(7) 2.010(7) 2.008 
105 2.192(7) 2.179(7) 2.186 2.003(7) 2.001(7) 2.002 








Molecule A  Molecule B 
 




Alpha phase: Fe—NCSe bond lengths (Å) over the range 200–100 K 
[Data taken from Supplementary File 1: alpha_series.cif] 
 Molecule A Molecule B 
T / K Fe1—N3 Fe1—N4 Ave Fe1—N3 Fe1—N4 Ave 
200 2.085(8) 2.086(8) 2.086 2.081(8) 2.087(9) 2.084 
195 2.087(8) 2.084(8) 2.086 2.077(8) 2.088(9) 2.083 
190 2.079(8) 2.083(8) 2.081 2.080(8) 2.084(8) 2.082 
185 2.077(8) 2.079(8) 2.078 2.073(8) 2.084(8) 2.079 
180 2.088(8) 2.080(8) 2.084 2.073(8) 2.087(8) 2.080 
175 2.081(7) 2.078(8) 2.080 2.063(7) 2.077(8) 2.070 
170 2.084(7) 2.073(7) 2.079 2.062(7) 2.071(8) 2.067 
165 2.078(7) 2.081(7) 2.080 2.050(7) 2.064(8) 2.057 
160 2.077(7) 2.084(7) 2.081 2.036(7) 2.050(8) 2.043 
155 2.084(7) 2.083(7) 2.084 2.016(7) 2.022(8) 2.019 
150 2.080(7) 2.076(7) 2.078 1.994(7) 1.987(8) 1.991 
145 2.088(7) 2.084(7) 2.086 1.976(7) 1.979(7) 1.978 
140 2.086(7) 2.079(7) 2.083 1.972(7) 1.969(7) 1.971 
135 2.085(7) 2.077(7) 2.081 1.965(7) 1.969(7) 1.967 
130 2.089(7) 2.081(7) 2.085 1.964(6) 1.970(7) 1.967 
125 2.085(7) 2.081(7) 2.083 1.961(6) 1.963(7) 1.962 
120 2.084(7) 2.081(7) 2.083 1.962(6) 1.962(7) 1.962 
115 2.085(7) 2.079(7) 2.082 1.959(6) 1.969(7) 1.964 
110 2.083(7) 2.082(7) 2.083 1.963(6) 1.962(7) 1.963 
105 2.085(7) 2.077(7) 2.081 1.954(6) 1.961(7) 1.958 








Molecule A  Molecule B 
 





Alpha phase: coordination geometry at 300 and 90 K 
[Displacement ellipsoids shown at 50% probability for non-H atoms] 
 
  
300 K (CCDC 866582) 90 K (CCDC 886584) 
 
 
 300 K 90 K 
 (HS) Molecule A (HS) Molecule B (LS) 
Fe1–S1 2.5467(11) 2.4977(10) 2.2336(9) 
Fe1–S2 2.5471(12) 2.5051(10) 2.2431(9) 
Fe1–N1 2.203(3) 2.175(3) 1.999(3) 
Fe1–N2 2.196(3) 2.170(3) 2.002(3) 
Fe1–N3 2.079(3) 2.071(3) 1.943(3) 
Fe1–N4 2.081(4) 2.070(3) 1.952(3) 
S1–Fe1–S2 84.48(5) 87.11(3) 90.26(4) 
S1–Fe1–N1 78.87(8) 80.31(8) 85.58(8) 
S1–Fe1–N2 89.56(8) 87.93(8) 92.23(8) 
S1–Fe1–N3 90.96(11) 90.77(9) 87.90(9) 
S1–Fe1–N4 173.72(11) 175.85(9) 175.34(9) 
S2–Fe1–N1 87.98(8) 85.17(8) 90.26(8) 
S2–Fe1–N2 78.20(8) 79.82(8) 84.45(8) 
S2–Fe1–N3 172.60(11) 175.52(9) 176.53(9) 
S2–Fe1–N4 93.14(12) 91.88(9) 94.13(9) 
N1–Fe1–N2 162.81(11) 161.37(10) 174.27(11) 
N1–Fe1–N3 96.87(12) 98.37(11) 92.53(12) 
N1–Fe1–N4 95.26(13) 95.59(11) 92.83(12) 
N2–Fe1–N3 95.98(12) 96.17(11) 92.68(12) 
N2–Fe1–N4 95.66(13) 95.86(11) 89.75(12) 
N3–Fe1–N4 91.97(16) 90.51(12) 87.80(12) 
 
[Change of the bond angles around Fe(II) towards 90/180° in the LS state is evident]  
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Beta phase: coordination geometry at 300 and 120 K 
[Displacement ellipsoids shown at 50% probability for non-H atoms] 
 
  
300 K (CCDC 866585) 120 K (CCDC 866586) 
 
 
 300 K (HS) 120 K (HS) 
Fe1–S1 2.6117(6) 2.6034(4) 
Fe1–S1i 2.6117(6) 2.6034(4) 
Fe1–N1 2.1799(15) 2.1758(11) 
Fe1–N1i 2.1799(15) 2.1758(11) 
Fe1–N3 2.0870(18) 2.0925(13) 
Fe1–N3i 2.0870(18) 2.0925(13) 
S1–Fe1–S1i 80.68(2) 81.227(17) 
S1–Fe1–N1 78.87(4) 79.35(3) 
S1–Fe1–N1i 93.61(4) 93.72(3) 
S1–Fe1–N3 87.03(6) 86.53(4) 
S1–Fe1–N3i 166.37(6) 166.48(4) 
S1i–Fe1–N1 93.61(4) 93.72(3) 
S1i–Fe1–N1i 78.87(4) 79.35(3) 
S1i–Fe1–N3 166.37(6) 166.48(4) 
S1i–Fe1–N3i 87.03(6) 86.53(4) 
N1–Fe1–N1i 170.21(8) 170.95(6) 
N1–Fe1–N3 89.75(6) 89.60(5) 
N1–Fe1–N3i 96.17(6) 95.84(5) 
N1i–Fe1–N3 96.17(6) 95.84(5) 
N1i–Fe1–N3i 89.74(6) 89.60(5) 
N3–Fe1–N3i 105.75(12) 106.18(7) 




Gamma phase: unit-cell parameters over the range 300–100 K 
Data taken from CIFs submitted to CCDC: 
100 K 150 K 180 K 200 K 250 K 300 K 
866597 866596 866595 866594 866593 866592 
 
T / K a / Å b / Å c / Å α / ° β / ° γ / ° V / Å3 
300 17.0687(4) 14.2796(3) 17.7111(4) 90 109.255(1) 90 4075.32(16) 
250 16.9974(8) 14.2989(6) 17.6851(7) 90 109.083(2) 90 4062.1(3) 
200 16.8078(5) 14.2246(4) 17.5144(4) 90 108.907(1) 90 3961.49(19) 
180 16.7984(7) 14.1989(6) 17.4537(7) 90 109.062(2) 90 3934.8(3) 
150 16.7307(8) 14.1192(6) 17.3632(8) 90 109.357(2) 90 3869.7(3) 













Gamma phase: Fe—S bond lengths (Å) over the range 300–100 K 
Data taken from CIFs submitted to CCDC: 
100 K 150 K 180 K 200 K 250 K 300 K 
866597 866596 866595 866594 866593 866592 
 
 Molecule A Molecule B 
T / K Fe1—S1 Fe1—S2 Ave Fe1—S1 Fe1—S2 Ave 
300 2.5491(10) 2.5528(10) 2.551 2.5611(10) 2.5418(10) 2.551 
250 2.5406(9) 2.5451(9) 2.543 2.5337(9) 2.5153(9) 2.525 
200 2.4413(9) 2.4506(10) 2.446 2.3734(9) 2.3573(9) 2.365 
180 2.3452(11) 2.3475(12) 2.346 2.2940(10) 2.2784(10) 2.286 
150 2.2533(7) 2.2562(8) 2.255 2.2534(7) 2.2406(7) 2.247 












[Error bars at fixed value of ±0.004 Å, encompassing 3×su either side of the bond length, 




Gamma phase: Fe—Npyridine bond lengths (Å) over the range 300–100 K 
Data taken from CIFs submitted to CCDC: 
100 K 150 K 180 K 200 K 250 K 300 K 
866597 866596 866595 866594 866593 866592 
 
 Molecule A Molecule B 
T / K Fe1—N1 Fe1—N2 Ave Fe1—N1 Fe1—N2 Ave 
300 2.202(3) 2.204(3) 2.203 2.176(3) 2.186(3) 2.181 
250 2.200(3) 2.199(3) 2.200 2.163(2) 2.169(2) 2.166 
200 2.133(3) 2.144(3) 2.139 2.078(2) 2.078(2) 2.078 
180 2.077(3) 2.083(3) 2.080 2.034(3) 2.038(3) 2.036 
150 2.022(2) 2.026(2) 2.024 2.007(2) 2.010(2) 2.009 
















Gamma phase: Fe—NCSe bond lengths (Å) over the range 300–100 K 
Data taken from CIFs submitted to CCDC: 
100 K 150 K 180 K 200 K 250 K 300 K 
866597 866596 866595 866594 866593 866592 
 
 Molecule A Molecule B 
T / K Fe1—N3 Fe1—N4 Ave Fe1—N3 Fe1—N4 Ave 
300 2.076(3) 2.058(3) 2.067 2.079(3) 2.070(3) 2.075 
250 2.078(3) 2.061(3) 2.070 2.078(3) 2.067(3) 2.073 
200 2.031(3) 2.029(4) 2.030 1.996(3) 1.995(3) 1.996 
180 1.991(4) 1.981(4) 1.986 1.968(3) 1.964(3) 1.966 
150 1.952(2) 1.952(2) 1.952 1.957(2) 1.952(2) 1.955 
















Gamma phase: coordination geometry at 300 and 100 K 
[Displacement ellipsoids shown at 50% probability for non-H atoms] 
 
  
300 K 100 K 
[Only one molecule in asymmetric unit shown – the ellipsoids in the other molecule are comparable] 
 




 Molecule A (HS) Molecule B (HS) Molecule A (LS) Molecule B (LS) 
Fe1–S1 2.5491(10) 2.5611(10) 2.2369(11) 2.2504(9) 
Fe1–S2 2.5528(10) 2.5418(10) 2.2322(10) 2.2384(9) 
Fe1–N1 2.202(3) 2.176(3) 2.011(3) 2.005(3) 
Fe1–N2 2.204(3) 2.186(3) 2.005(3) 2.006(3) 
Fe1–N3 2.076(3) 2.079(3) 1.943(3) 1.955(3) 
Fe1–N4 2.058(3) 2.070(3) 1.960(3) 1.950(3) 
S1–Fe1–S2 83.00(4) 83.59(3) 90.89(4) 90.86(3) 
S1–Fe1–N1 77.78(8) 79.21(7) 85.60(8) 85.29(8) 
S1–Fe1–N2 85.82(8) 86.63(8) 88.27(8) 89.09(8) 
S1–Fe1–N3 90.24(10) 90.84(9) 88.98(9) 89.94(8) 
S1–Fe1–N4 171.26(10) 172.51(9) 177.38(9) 179.87(9) 
S2–Fe1–N1 93.31(8) 86.63(8) 91.26(9) 89.02(8) 
S2–Fe1–N2 79.19(8) 78.80(8) 85.81(9) 85.26(8) 
S2–Fe1–N3 170.41(9) 173.38(10) 179.39(8) 179.08(8) 
S2–Fe1–N4 92.11(10) 89.85(9) 91.11(9) 89.03(8) 
N1–Fe1–N2 162.72(10) 160.73(10) 173.17(11) 171.92(10) 
N1–Fe1–N3 91.88(12) 95.87(12) 89.33(11) 91.51(11) 
N1–Fe1–N4 95.35(12) 96.83(11) 92.67(11) 94.64(11) 
N2–Fe1–N3 93.58(12) 97.35(12) 93.58(11) 94.29(11) 
N2–Fe1–N4 100.42(12) 95.67(11) 93.56(11) 90.97(11) 
N3–Fe1–N4 95.43(14) 95.92(13) 89.04(12) 90.17(11) 
 
[Change of the bond angles around Fe(II) towards 90/180° in the LS state is evident]  
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Delta phase: unit-cell parameters over the range 270–100 K 
[Data taken from Supplementary File 2: delta_series.cif] 
T / K a / Å b / Å c / Å α / ° β / ° γ / ° V / Å3 
270 9.3633(3) 14.4959(4) 14.6995(4) 90 90.322(3) 90 1995.12(10) 
265 9.3606(3) 14.4890(4) 14.6954(4) 90 90.322(3) 90 1993.04(10) 
260 9.3586(3) 14.4832(4) 14.6886(4) 90 90.317(3) 90 1990.90(10) 
255 9.3566(3) 14.4769(4) 14.6831(4) 90 90.316(3) 90 1988.86(10) 
250 9.3541(3) 14.4698(4) 14.6784(4) 90 90.311(3) 90 1986.72(10) 
245 9.3518(3) 14.4638(4) 14.6717(4) 90 90.306(3) 90 1984.50(10) 
240 9.3487(3) 14.4569(4) 14.6651(4) 90 90.293(3) 90 1982.01(10) 
235 9.3467(3) 14.4491(4) 14.6571(4) 90 90.276(3) 90 1979.44(10) 
230 9.3436(3) 14.4410(4) 14.6485(4) 90 90.257(3) 90 1976.52(10) 
225 9.3415(3) 14.4327(4) 14.6373(4) 90 90.232(3) 90 1973.43(10) 
**220  
215 9.3369(3) 14.4109(3) 14.6115(3) 90 90.174(3) 90 1966.01(9) 
210 9.3339(3) 14.3993(3) 14.5939(3) 90 90.128(2) 90 1961.44(9) 
205 9.3757(4) 14.4494(3) 14.6438(3) 90 90.078(2) 90 1983.84(10) 
200 9.3751(3) 14.4412(3) 14.6196(3) 90 90.030(2) 90 1979.31(9) 
195 9.3601(2) 14.4075(3) 14.5777(3) 90 90.039(2) 90 1965.88(7) 
190 9.3476(2) 14.3797(3) 14.5437(3) 90 90.075(2) 90 1954.90(7) 
185 9.3571(2) 14.3860(3) 14.5384(3) 90 90.105(2) 90 1957.03(7) 
180 9.3610(2) 14.3850(3) 14.5284(3) 90 90.144(2) 90 1956.36(7) 
175 9.3638(3) 14.3833(2) 14.5185(3) 90 90.165(2) 90 1955.38(8) 
170 9.3543(2) 14.3658(3) 14.4925(3) 90 90.176(2) 90 1947.52(7) 
165 9.3553(2) 14.3648(3) 14.4841(3) 90 90.164(2) 90 1946.47(7) 
160 9.3423(19) 14.343(3) 14.451(3) 90 90.14(3) 90 1936.4(7) 
        
DOUBLING OF b AXIS ON COOLING 
        
155 9.3479(2) 28.6622(5) 14.4124(3) 90 90.204(2) 90 3861.51(13) 
150 9.3565(2) 28.6794(6) 14.4114(3) 90 90.277(2) 90 3867.09(14) 
145 9.3534(2) 28.6628(6) 14.3991(3) 90 90.331(2) 90 3860.26(14) 
140 9.3528(3) 28.6563(7) 14.3881(3) 90 90.351(2) 90 3856.18(18) 
135 9.3449(2) 28.6329(6) 14.3760(3) 90 90.368(2) 90 3846.53(14) 
130 9.3476(2) 28.6402(6) 14.3814(3) 90 90.380(2) 90 3850.06(14) 
**125  
120 9.3489(2) 28.6403(5) 14.3859(3) 90 90.414(2) 90 3851.80(13) 
115 9.3439(2) 28.6253(5) 14.3782(3) 90 90.422(2) 90 3845.66(13) 
110 9.3414(2) 28.6173(5) 14.3744(3) 90 90.421(2) 90 3842.54(13) 
105 9.3366(2) 28.6011(5) 14.3680(3) 90 90.427(2) 90 3836.68(13) 
100 9.3450(2) 28.6238(6) 14.3821(3) 90 90.425(2) 90 3846.95(14) 




Delta phase: reconstructed hk0 precession images at 160 K and 155 K 
[Data taken from Supplementary File 2: delta_series.cif] 
 
T / K a / Å b / Å c / Å α / ° β / ° γ / ° V / Å3 
160 9.3423(19) 14.343(3) 14.451(3) 90 90.14(3) 90 1936.4(7) 
155 9.3479(2) 28.6622(5) 14.4124(3) 90 90.204(2) 90 3861.51(13) 
 






See also Supplementary Movie 4:  delta_precession.mp4  
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Delta phase: unit-cell parameters over the range 270–100 K 












Red markers for b and cell volume correspond 
to half of actual value. 
 
[Error bars derived from listed sus are smaller  









Delta phase: Fe—S bond lengths (Å) 270–160 K (prior to cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—S1 Fe1—S2 Ave Fe1—S1 Fe1—S2 Ave 
270 2.532(5) 2.546(4) 2.539 2.541(5) 2.549(4) 2.545 
265 2.533(5) 2.543(4) 2.538 2.541(5) 2.549(4) 2.545 
260 2.526(5) 2.541(4) 2.534 2.540(5) 2.547(4) 2.544 
255 2.527(5) 2.535(4) 2.531 2.538(5) 2.551(4) 2.545 
250 2.521(4) 2.531(4) 2.526 2.542(5) 2.547(4) 2.545 
245 2.516(5) 2.527(4) 2.522 2.536(5) 2.542(4) 2.539 
240 2.505(5) 2.517(4) 2.511 2.541(5) 2.542(4) 2.542 
235 2.493(4) 2.515(4) 2.504 2.537(5) 2.540(4) 2.539 
230 2.488(4) 2.502(4) 2.495 2.537(4) 2.543(4) 2.540 
225 2.476(4) 2.488(4) 2.482 2.535(4) 2.536(4) 2.536 
**220  
215 2.448(4) 2.455(4) 2.452 2.534(4) 2.536(4) 2.535 
210 2.425(4) 2.430(4) 2.428 2.530(4) 2.534(4) 2.532 
205 2.405(4) 2.413(4) 2.409 2.541(4) 2.548(4) 2.545 
200 2.378(4) 2.380(4) 2.379 2.539(4) 2.545(4) 2.542 
195 2.350(4) 2.353(4) 2.352 2.533(4) 2.537(4) 2.535 
190 2.325(4) 2.325(4) 2.325 2.528(4) 2.533(4) 2.531 
185 2.302(4) 2.303(4) 2.303 2.536(4) 2.529(4) 2.533 
180 2.288(3) 2.292(4) 2.290 2.521(4) 2.526(4) 2.524 
175 2.277(4) 2.278(4) 2.278 2.517(4) 2.525(4) 2.521 
170 2.266(3) 2.267(4) 2.267 2.503(4) 2.512(4) 2.508 
165 2.254(4) 2.257(3) 2.256 2.497(4) 2.508(4) 2.503 
160 2.249(4) 2.253(3) 2.251 2.475(4) 2.492(4) 2.484 
** Measurement not made 
  
 
Molecule A Molecule B 
 
 




Delta phase: Fe—S bond lengths (Å) 155–100 K (after cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—S1 Fe1—S2 Ave Fe1—S1 Fe1—S2 Ave 
155 2.249(5) 2.249(4) 2.249 2.559(5) 2.536(5) 2.548 
150 2.251(5) 2.252(5) 2.252 2.561(5) 2.540(5) 2.551 
145 2.251(5) 2.247(5) 2.249 2.561(5) 2.544(5) 2.553 
140 2.247(5) 2.249(5) 2.248 2.556(5) 2.544(5) 2.550 
135 2.250(5) 2.244(4) 2.247 2.556(5) 2.540(5) 2.548 
130 2.252(5) 2.245(4) 2.249 2.557(5) 2.542(5) 2.550 
**125       
120 2.253(5) 2.245(4) 2.249 2.559(5) 2.539(5) 2.549 
115 2.255(4) 2.244(4) 2.250 2.562(5) 2.540(5) 2.551 
110 2.252(5) 2.244(4) 2.248 2.564(5) 2.542(5) 2.553 
105 2.253(5) 2.246(4) 2.250 2.557(5) 2.539(5) 2.548 
100 2.251(4) 2.246(4) 2.249 2.559(5) 2.541(5) 2.550 
** Measurement not made 
 
 
 Molecule C Molecule D 
T / K Fe1—S1 Fe1—S2 Ave Fe1—S1 Fe1—S2 Ave 
155 2.244(4) 2.249(4) 2.247 2.321(5) 2.309(5) 2.315 
150 2.240(5) 2.246(5) 2.243 2.292(5) 2.280(5) 2.286 
145 2.241(5) 2.243(5) 2.242 2.277(5) 2.266(5) 2.272 
140 2.241(5) 2.243(4) 2.242 2.267(5) 2.257(5) 2.262 
135 2.240(5) 2.241(4) 2.241 2.263(5) 2.250(4) 2.257 
130 2.240(4) 2.243(4) 2.242 2.258(5) 2.251(4) 2.255 
**125       
120 2.241(4) 2.244(4) 2.243 2.255(5) 2.249(4) 2.252 
115 2.242(4) 2.246(4) 2.244 2.254(5) 2.241(4) 2.248 
110 2.240(4) 2.245(4) 2.243 2.254(5) 2.243(4) 2.249 
105 2.244(4) 2.245(4) 2.244 2.254(5) 2.240(4) 2.247 
100 2.243(4) 2.248(4) 2.246 2.254(5) 2.246(4) 2.250 
** Measurement not made 
 
[Plots shown over the page]  
20 
 
S6. Delta phase: Fe—S bond lengths (Å) over the range 155–100 K 















Molecule C Molecule D 
 
 
[Error bars at fixed value of ±0.015 Å, encompassing 3×su either side of the mean, 




Delta phase: Fe—Npyr bond lengths (Å) 270–160 K (prior to cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—N1 Fe1—N2 Ave Fe1—N1 Fe1—N2 Ave 
270 2.158(11) 2.193(11) 2.176 2.227(11) 2.214(11) 2.214 
265 2.143(11) 2.173(11) 2.158 2.221(11) 2.211(11) 2.211 
260 2.144(11) 2.175(12) 2.160 2.223(12) 2.220(11) 2.220 
255 2.140(11) 2.170(12) 2.155 2.215(12) 2.210(11) 2.210 
250 2.138(11) 2.181(11) 2.160 2.211(12) 2.210(11) 2.210 
245 2.132(11) 2.156(11) 2.144 2.215(11) 2.219(12) 2.219 
240 2.115(11) 2.161(11) 2.138 2.216(12) 2.199(11) 2.199 
235 2.125(11) 2.157(11) 2.141 2.203(12) 2.208(11) 2.208 
230 2.122(11) 2.141(11) 2.132 2.216(11) 2.213(11) 2.213 
225 2.122(10) 2.134(11) 2.128 2.211(11) 2.212(11) 2.212 
**220  
215 2.092(11) 2.126(11) 2.109 2.207(11) 2.196(11) 2.196 
210 2.068(10) 2.097(11) 2.083 2.204(11) 2.201(10) 2.201 
205 2.069(11) 2.110(11) 2.090 2.205(11) 2.207(11) 2.207 
200 2.058(10) 2.093(10) 2.076 2.198(11) 2.193(11) 2.193 
195 2.050(10) 2.073(11) 2.062 2.193(11) 2.186(11) 2.186 
190 2.023(10) 2.047(10) 2.035 2.191(11) 2.186(10) 2.186 
185 2.015(11) 2.045(11) 2.030 2.188(11) 2.193(11) 2.193 
180 2.015(10) 2.031(10) 2.023 2.185(11) 2.190(11) 2.190 
175 2.004(9) 2.035(11) 2.020 2.176(11) 2.177(11) 2.177 
170 1.999(10) 2.032(10) 2.016 2.166(11) 2.172(11) 2.172 
165 2.002(9) 2.022(10) 2.012 2.170(11) 2.164(11) 2.164 
160 2.003(9) 2.003(10) 2.003 2.163(11) 2.153(11) 2.153 






Molecule A Molecule B 
 




Delta phase: Fe—Npyr bond lengths (Å) 155–100 K (after cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—N1 Fe1—N2 Ave Fe1—N1 Fe1—N2 Ave 
155 1.998(12) 2.012(13) 2.005 2.205(13) 2.174(13) 2.190 
150 1.989(13) 2.029(14) 2.009 2.214(14) 2.213(15) 2.214 
145 1.994(13) 2.012(13) 2.003 2.218(14) 2.212(14) 2.215 
140 1.987(13) 2.009(13) 1.998 2.228(14) 2.217(15) 2.223 
135 1.987(12) 2.005(13) 1.996 2.223(14) 2.212(14) 2.218 
130 1.997(12) 2.011(13) 2.004 2.244(13) 2.217(14) 2.231 
**125  
120 2.001(13) 2.012(13) 2.007 2.233(13) 2.229(14) 2.231 
115 2.005(12) 2.005(13) 2.005 2.220(13) 2.227(14) 2.224 
110 1.993(12) 2.006(13) 2.000 2.235(13) 2.226(13) 2.231 
105 1.999(12) 2.012(13) 2.006 2.227(13) 2.229(13) 2.228 
100 1.999(13) 2.005(13) 2.002 2.224(13) 2.229(14) 2.227 
** Measurement not made 
 
 
 Molecule C Molecule D 
T / K Fe1—N1 Fe1—N2 Ave Fe1—N1 Fe1—N2 Ave 
155 1.999(13) 2.016(12) 2.008 2.047(13) 2.023(13) 2.035 
150 1.986(14) 2.014(13) 2.000 2.032(14) 2.038(14) 2.035 
145 1.987(13) 2.013(13) 2.000 2.026(14) 2.021(14) 2.024 
140 1.991(14) 2.017(13) 2.004 2.028(14) 2.009(13) 2.019 
135 1.987(12) 2.011(13) 1.999 2.031(13) 2.007(13) 2.019 
130 1.996(13) 2.005(13) 2.001 2.028(12) 2.014(13) 2.021 
**125  
120 2.000(13) 2.020(12) 2.010 2.030(13) 2.016(12) 2.023 
115 2.004(13) 2.012(12) 2.008 2.017(13) 2.019(13) 2.018 
110 2.002(13) 2.012(12) 2.007 2.023(13) 2.022(13) 2.023 
105 2.002(13) 1.999(13) 2.001 2.022(13) 2.017(13) 2.020 
100 2.003(13) 2.010(12) 2.007 2.026(13) 2.015(13) 2.021 
** Measurement not made 
 
[Plots shown over the page]  
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Delta phase: Fe—NCSe bond lengths (Å) 270–160 K (prior to cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—N3 Fe1—N4 Ave Fe1—N3 Fe1—N4 Ave 
270 2.043(14) 2.059(14) 2.051 2.034(14) 2.056(13) 2.045 
265 2.061(14) 2.049(14) 2.055 2.035(14) 2.063(13) 2.049 
260 2.056(15) 2.048(14) 2.052 2.031(14) 2.051(13) 2.041 
255 2.047(14) 2.046(15) 2.047 2.058(13) 2.061(13) 2.060 
250 2.051(15) 2.055(14) 2.053 2.049(14) 2.061(13) 2.055 
245 2.055(14) 2.048(14) 2.052 2.044(13) 2.047(13) 2.046 
240 2.060(14) 2.056(14) 2.058 2.039(13) 2.056(12) 2.048 
235 2.048(14) 2.046(13) 2.047 2.047(13) 2.058(13) 2.053 
230 2.046(13) 2.048(13) 2.047 2.048(12) 2.059(12) 2.054 
225 2.046(13) 2.037(14) 2.042 2.052(13) 2.038(13) 2.045 
**220  
215 2.037(13) 2.024(13) 2.031 2.041(12) 2.040(12) 2.041 
210 2.026(13) 2.014(13) 2.020 2.041(12) 2.048(12) 2.045 
205 2.019(13) 2.017(13) 2.018 2.064(13) 2.039(12) 2.052 
200 2.013(13) 2.003(12) 2.008 2.064(13) 2.055(13) 2.060 
195 1.991(13) 1.978(12) 1.985 2.054(12) 2.052(13) 2.053 
190 1.983(13) 1.969(12) 1.976 2.046(12) 2.046(12) 2.046 
185 1.974(12) 1.975(12) 1.975 2.056(13) 2.052(12) 2.054 
180 1.970(11) 1.975(12) 1.973 2.060(12) 2.055(12) 2.058 
175 1.961(11) 1.977(11) 1.969 2.058(12) 2.048(13) 2.053 
170 1.964(11) 1.963(11) 1.964 2.049(12) 2.042(12) 2.046 
165 1.962(11) 1.968(11) 1.965 2.050(12) 2.041(13) 2.046 
160 1.948(11) 1.965(11) 1.957 2.063(13) 2.035(13) 2.049 





Molecule A Molecule B 
 
 




Delta phase: Fe—NCSe bond lengths (Å) 155–100 K (after cell doubling) 
[Data taken from Supplementary File 2: delta_series.cif] 
 
 Molecule A Molecule B 
T / K Fe1—N3 Fe1—N4 Ave Fe1—N3 Fe1—N4 Ave 
155 1.943(14) 1.973(14) 1.958 2.069(14) 2.057(14) 2.063 
150 1.957(15) 1.973(15) 1.965 2.052(14) 2.080(15) 2.066 
145 1.960(14) 1.965(15) 1.963 2.049(14) 2.068(15) 2.059 
140 1.968(14) 1.974(14) 1.971 2.043(15) 2.080(15) 2.062 
135 1.947(14) 1.978(15) 1.963 2.050(14) 2.082(14) 2.066 
130 1.959(14) 1.971(14) 1.965 2.053(13) 2.074(14) 2.064 
**125  
120 1.957(14) 1.967(14) 1.962 2.052(13) 2.082(14) 2.067 
115 1.958(13) 1.963(14) 1.961 2.052(13) 2.086(13) 2.069 
110 1.958(14) 1.963(14) 1.961 2.048(14) 2.085(14) 2.067 
105 1.948(13) 1.961(14) 1.955 2.062(13) 2.083(14) 2.073 
100 1.957(13) 1.974(14) 1.966 2.059(13) 2.083(14) 2.071 
** Measurement not made 
 
 
 Molecule C Molecule D 
T / K Fe1—N3 Fe1—N4 Ave Fe1—N3 Fe1—N4 Ave 
155 1.956(13) 1.962(14) 1.959 1.986(13) 1.965(15) 1.976 
150 1.941(15) 1.961(16) 1.951 1.976(14) 1.952(14) 1.964 
145 1.943(14) 1.953(15) 1.948 1.962(13) 1.939(14) 1.951 
140 1.958(14) 1.961(15) 1.960 1.955(14) 1.956(14) 1.956 
135 1.957(14) 1.966(14) 1.962 1.964(13) 1.950(13) 1.957 
130 1.946(14) 1.961(14) 1.954 1.972(13) 1.938(13) 1.955 
**125  
120 1.942(14) 1.951(14) 1.947 1.955(13) 1.947(13) 1.951 
115 1.954(14) 1.956(14) 1.955 1.963(13) 1.945(13) 1.954 
110 1.951(14) 1.959(14) 1.955 1.958(13) 1.942(13) 1.950 
105 1.955(14) 1.959(14) 1.957 1.954(13) 1.947(12) 1.951 
100 1.953(13) 1.967(14) 1.960 1.964(13) 1.951(13) 1.958 
** Measurement not made 
 
[Plots shown over the page]  
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S6. Delta phase: Fe—N bond lengths (Å) over the range 155–100 K 
[Data taken from Supplementary File 2: delta_series.cif] 
 
  














Molecule C  Fe—NCSe Molecule D  Fe—NCSe 
 
[Error bars at fixed value of ±0.05 Å, encompassing 3×su either side of the mean for all values]  
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Delta phase: coordination geometry at 300 K and 250 K 
[Displacement ellipsoids shown at 50% probability for non-H atoms] 
 
  
300 K 250 K 
[Only one molecule of asymmetric unit shown at 250 K – the ellipsoids in the other molecule are comparable] 
 
 




 HS Molecule A (HS) Molecule B (HS) 
Fe1–S1 2.545(4) 2.515(3) 2.541(3) 
Fe1–S2 2.545(3) 2.539(3) 2.537(3) 
Fe1–N1 2.201(9) 2.171(11) 2.214(9) 
Fe1–N2 2.204(10) 2.197(12) 2.188(10) 
Fe1–N3 2.071(11) 2.053(10) 2.066(10) 
Fe1–N4 2.065(11) 2.072(9) 2.062(10) 
S1–Fe1–S2 83.48(15) 83.72(11) 84.41(11) 
S1–Fe1–N1 79.3(2) 80.1(2) 78.9(2) 
S1–Fe1–N2 87.3(3) 87.7(3) 87.5(3) 
S1–Fe1–N3 90.9(4) 92.5(3) 86.9(3) 
S1–Fe1–N4 173.8(3) 173.6(3) 174.0(3) 
S2–Fe1–N1 86.7(3) 88.4(2) 85.6(2) 
S2–Fe1–N2 78.7(2) 78.5(3) 79.1(2) 
S2–Fe1–N3 171.1(4) 171.1(3) 170.8(3) 
S2–Fe1–N4 91.8(3) 91.1(3) 92.1(3) 
N1–Fe1–N2 161.2(4) 163.0(4) 160.5(3) 
N1–Fe1–N3 99.1(4) 98.8(4) 100.1(4) 
N1–Fe1–N4 96.4(4) 96.0(4) 96.0(4) 
N2–Fe1–N3 94.2(4) 93.4(4) 93.7(4) 
N2–Fe1–N4 95.9(4) 95.1(4) 96.6(4) 




Delta phase: coordination geometry at 100 K 
[Displacement ellipsoids shown at 50% probability for non-H atoms] 
 
 
[Only one molecule in asymmetric unit shown – the ellipsoids in the other molecules are comparable] 
 
 100 K (CCDC 866591) 








Fe1–S1 2.242(3) 2.560(3) 2.237(3) 2.242(3) 
Fe1–S2 2.236(3) 2.530(3) 2.244(3) 2.235(3) 
Fe1–N1 2.000(9) 2.211(10) 2.011(10) 2.011(9) 
Fe1–N2 2.021(10) 2.237(10) 2.099(10) 2.008(9) 
sFe1–N3 1.952(9) 2.078(9) 1.934(9) 1.963(9) 
Fe1–N4 1.986(9) 2.081(9) 1.976(9) 1.967(9) 
S1–Fe1–S2 90.75(11) 85.15(10) 90.44(11) 91.04(11) 
S1–Fe1–N1 86.1(2) 78.8(2) 85.3(3) 85.2(2) 
S1–Fe1–N2 89.4(3) 85.5(2) 89.2(3) 91.7(3) 
S1–Fe1–N3 91.6(3) 88.3(3) 91.5(3) 88.4(3) 
S1–Fe1–N4 179.8(3) 173.5(3) 178.8(3) 178.0(3) 
S2–Fe1–N1 90.4(3) 82.2(3) 90.8(3) 88.7(3) 
S2–Fe1–N2 84.9(3) 79.1(2) 84.7(3) 84.5(3) 
S2–Fe1–N3 176.0(3) 171.3(3) 176.1(3) 177.4(3) 
S2–Fe1–N4 89.5(3) 94.5(3) 90.8(3) 90.7(3) 
N1–Fe1–N2 173.5(4) 156.5(4) 172.8(4) 172.5(4) 
N1–Fe1–N3 93.1(4) 102.2(4) 92.7(4) 93.8(4) 
N1–Fe1–N4 93.8(4) 94.6(3) 94.5(4) 93.8(4) 
N2–Fe1–N3 91.8(4) 94.7(4) 92.0(4) 93.0(4) 
N2–Fe1–N4 90.6(4) 100.9(3) 91.1(4) 89.4(4) 
N3–Fe1–N4 88.2(4) 92.7(3) 87.3(4) 89.9(4) 
[Change of the bond angles around Fe(II) towards 90/180° in the LS state is evident] 
